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Abstract

Toxoplasma gondiaffects most species of warm-blooded animals, including birds. There is
considerable confusion regarding the identityfogonditlike parasites and the diagnosis of toxo-
plasmosis in wild birds. In this review, gonditlike infections in different species of wild birds are
reviewed with particular reference to prevalences, clinical signs, pathology, diagnosis, and treat-
ment. Although subclinical. gondiiinfections are prevalent in many avian species, toxoplasmosis
can be clinically severe in pigeons and canaries. Blindness associatel githdiiin canaries is
reviewed in detail. © 2002 Elsevier Science B.V. All rights reserved.
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1. History

Toxoplasmédike parasites were observed by Carini (1911) in smears prepared from
the liver and spleen of a pigeon in Sdo Paulo, Brazil. Previously, there were reports of
Toxoplasmédike parasites in sparrows and other birds, but they were considered hemo-
protozoans (Laveran, 1900; Adie, 1908; Aragdo, 1911). Subsequently, such parasites were
reported from several species of birds (Laveran and Marullaz, 1913; Marullaz, 1913; Plim-
mer, 1915, 1916; de Mello, 1915, 1935; Raffaele, 1932; Herman, 1937; Hegner and Wolfson,
1938a,b; Taddia, 1938; Taddia and Valentino, 1939). All of these reports were based on find-
ings of Toxoplasméike organisms in blood smears or tissue imprints of liver and spleen.

In retrospect, there is no way to ascertain the identity of these organisms. Because sparrows
are host to other apicomplexans (Baker et al., 1972; Levine, 1982), the parasites in these
reports were probably misdiagnosed Tasoplasmaln several papersloxoplasméike
parasites from birds were given different namé&savium(Marullaz, 1913),T. francag
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T. fulicae(de Mello, 1915, 1935), and. columbagYakimoff and Kohl-Yakimoff, 1912),
but Levine (1977) synonomized all avidoxoplasmapecies withToxoplasma gondii

Reis and No6brega (1936) and Nébrega and Reis (1942) isolagpzhdiifrom pigeons
and transmitted them to other animals. From 1941 to 1960, research interesbjplasma
infections in birds increased in part because researchers sought to determine Tosaan
plasmawas identical with mammaliafoxoplasmawhether the higher body temperature
of birds (41°C) in comparison to mammals (8T) had any effect ofi. gondii and whether
birds were a possible source Bf gondiiinfection in humans (Wolfson, 1941; Manwell,
1941; Manwell et al., 1945; Manwell and Drobeck, 1951; Drobeck et al., 1953; Jacobs et al.,
1952, 1953; Feldman and Sabin, 1949). The findin@ giondiiin nucleated avian erythro-
cytes (Fig. 1) was also of biologic interest becatisgondiiis not found in non-nucleated
mammalian cells (Manwell, 1941; Wolfson, 1941).

The development of a reliable serologic test (the dye test) by Sabin and Feldman (1948)
made it possible to serologically compare assumegbndiiinfection from various animal
species. Inthe 1950s and 1960s, it became clear that there were no morphologic or serologic
differences among various isolateslofjondiifrom avian or mammalian hosts. As a result
of serologic and parasitologic surveys, it became clearTthgandiiinfection was common
in some avian species (Tables 1 and 2).

It is not possible to list in this review all species of birds that have been reported as
hosts ofT. gondii Coutelen et al. (1953), Drobeck et al. (1953), and Siim et al. (1963)
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Fig. 1. Toxoplasma gondiiachyzoites inside an erythrocyte (large arrow), outside of cells (small arrow) and a

dividing tachyzoite (arrowheads) in impression smear of small intestine of an experimentally-infected budgerigar
(Giemsa).
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Table 1
Isolation of Toxoplasma gondirom tissues of naturally-infected wild birds
Species Country No. Infected (%)  Reference
bioassayed
Anseriformes (wildfowl, ducks)
Mallard (Anas platyrhynchgs Czech Republic 184 12.0 Litek et al. (1992)
Pochard QAythya ferring Czech Republic 8 125 Litak et al. (1992)
Tufted duck Aythya fuliguld Czech Republic 25 28.0 Litak et al. (1992)
Pintail (Anas acuta Kazakhstan 57 1.8 Pak (1976)
Gadwall @Anas strepera Kazakhstan 93 1.1 Pak (1976)
Accipitriformes (harriers, hawks, vultures, buzzards, kestrels)
Goshawk Czech Republic 10 10.0 Litak et al. (1992)
(Accipiter gentilig
Cooper’s hawk USA 4 25 Lindsay et al. (1993)
(Accipiter coopef)
Common buzzard Czech Republic 123 8.1 Litak et al. (1992)
(Buteo butep
Kazakhstan 12 8.3 Pak (1976)
Kestrel alco tinnunculug Czech Republic 1 100 Litak et al. (1992)
American kestrel USA 3 33.3 Lindsay et al. (1993)
(Falco sparveriuy
Pallid harrier Kazakhstan 3 33.3 Pak (1976)
(Circus macrouru}p
Black vulture Kazakhstan 4 25.0 Pak (1976)
(Aegypius monachyis
Red-tailed hawk USA 27 41.1 Lindsay et al. (1993)
(Buteo jamaicens)s
Red-shouldered hawk USA 12 66.7 Lindsay et al. (1993)

(Buteo lineatup

Galliformes (partridges, pheasants, turkeys)

Partridge Perdix perdi} Czech Republic 16 18.7 Litak et al. (1992)
Pheasant Czech Republic 590 24 Litak et al. (1992)
(Phasianus colchicys
Slovakia 1 100 Cafar (1974)
Turkey (Meleagris gallopavd USA 16 50 Lindsay et al. (1994)
Gruiformes (coots)
Coot (Fulica atra) Czech Republic 43 4.6 Litak et al. (1992)
Kazakhstan 29 3.4 Pak (1976)

Charadriiformes (gulls, terns)
Blackheaded gull Czech Republic 61 16.4 Litak et al. (1992)
(Larus ridibundu$

Kazakhstan 84 1.2 Pak (1976)
Common tern$terna hirundd  Kazakhstan 14 7.1 Pak (1976)
USSR 3 333 Pak (1970)

Columbiformes (pigeons, doves)
Collared dove Czech Republic 60 5.0 Liték et al. (1992)
(Streptopelia decaoc}o
Slovakia 12 50 Catar (1974)
Woodpigeon Czech Republic 12 8.3 Litak et al. (1992)
(Columba palumbys
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Table 1 Continued

Species Country No. Infected (%) Reference
bioassayed
Rock dove common pigeon  Czech Republic 606 1.0 Litak et al. (1992)
(Columba livig
Denmark 3 100 Siim et al. (1963)
Slovakia 16 12,5 Catr (1974)
USA 1 100 Feldman and Sabin
(1949)
USA 50 2 Manwell and Drobeck
(1951)
USA 80 5 Jacobs et al. (1952)
USA 16 6 Gibson and Eyles (1957)
Laughing dove Kazakhstan 20 5.0 Pak (1976)
(Streptopelia senegalenyis
Ruddy-ground dove Panama 79 3 Frenkel et al. (1995)
(Columbina talpaco)i
Strigiformes (owls)
Ferruginous pygmy owl Costa Rica 1 Not given Holst and Chinchilla
(Glaucidium brasilianum (1990)
Little owl (Athene noctup Kazakhstan 15 6.7 Pak (1976)
Great horned owl USA 5 20 Lindsay et al. (1993)
(Bubo virginianu$
Barred owl Strix varia) USA 15 26.7 Lindsay et al. (1993)
Passeriformes (various passerine birds)
Great grey shrike Czech Republic 1 100 Liték et al. (1992)
(Lanius excubitor
Yellowhammer Czech Republic 5 20 Hégek et al. (1981)
(Emberiza citrinella
Czech Republic 185 0.5 Litak et al. (1992)
Chaffinch Eringilla coeleb3 Czech Republic 133 0.7 Litak et al. (1992)
Czech Republic 152 0.7 Litak et al. (1992)
House sparrow Costa Rica 106 16 Ruiz and Frenkel
(Passer domesticlis (1980)
Czech Republic 1907 0.5 Litek et al. (1992)
Czech Republic 40 17.5 Héejek et al. (1981)
Kazakhstan 177 1.7 Pak (1976)
Slovakia 5 40 Catar (1974)
USSR 412 0.5 Pak (1972)
Tree sparrow Czech Republic 4 25 Hégek et al. (1981)
(Passer
montanuy
Czech Republic 316 0.6 Litak et al. (1992)
Kazakhstan 178 0.6 Pak (1976)
Jay Garrulus glandariu} Czech Republic 43 2.3 Litak et al. (1992)
Starling Sturnus vulgaris Czech Republic 69 1.4 Litak et al. (1992)
Kazakhstan 430 0.5 Pak (1976)
Palm tanager Panama 3 33.3 Frenkel et al. (1995)
(Thraupis palmarum
Black bird (Turdus merul Czech Republic 54 1.9 Litak et al. (1992)
Slovakia 4 25 Catr (1974)
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Table 1 Continued
Species Country No. Infected (%) Reference
bioassayed
Mistle thrush Slovakia 1 100 Catr (1974)
(Turdus viscivorus
Song thrush Slovakia 7 714 Catr (1974)
(Turdus philomelos
Robin Erithacus rubeculn Slovakia 8 375 Catr (1974)
Great tit Parus majoy Czech Republic 215 14 Litak et al. (1992)
Slovakia 5 40 Catar (1974)
Nuthatch Gitta europep Slovakia 6 33 Catr (1974)
Treecreeper Slovakia 1 100 Catar (1974)
(Certhia familiarig
Greenfinch Chloris chlorig Slovakia 1 100 Catar (1974)
American crow USA 82 1.2 Finlay and Manwell
(Corvus brachyrhynchgs (1956)
Carrion crow Corvus corong  Kazakhstan 58 1.7 Pak (1976)
Slovakia 4 50 Catr (1974)
Jackdaw Corvus monedula Czech Republic 5 20.0 Litak et al. (1992)
Rook (Corvus frugileguy Czech Republic 495 18.0 Litak et al. (1992)

have summarized earlier reportsTafxoplasméike infections in birds. As stated earlier,

in some of these reports, diagnosis may not have been accurate because thereTwere no
gondii-specific serologic or immunohistochemical techniques available prior to 1950. With
respect to avian species, the only verified hostb. gfondiiare those from which. gondii

has been isolated by bioassays (Table 1).

2. |solatesof T.gondii from various avian species

Reports of isolation of viabld@. gondiifrom tissues of various avian species without
clinical signs are summarized in Table 1. Most of these reports are based on isolation of
T. gondiifrom avian tissues bioassayed into mice.

3. Serologic prevalence

Serologic prevalence d&f. gondiiinfections in different species of birds is summarized
in Table 2, but not all surveys are listed. Caution should be used while interpreting the
serologic prevalence data because not all serologic tests used in mammals work with avian
sera. For example, the Sabin—Feldman dye test (DT) can detect antibodies in sera of pigeons
but not in sparrows, chickens (Frenkel, 1981), and several other avian species (see section
on serologic tests). For example, Ruiz and Frenkel (1980) isolated vialgiendii from
16% of 106 sparrow without detectable DT antibodies.

In addition to Table 2, birds in zoological gardens in Czechoslovakia (Ippen et al., 1981),
Korea (Choi et al., 1987), China (Zhang et al., 2000), and Japan (Murata, 1989) were found
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Table 2
Serologic prevalence of antibodies to Toxoplasma gondii in wild birds
Species Country No. Positive Serologic Cut-off Reference
examined (%) test value
Struthioniformes (ostriches)
Ostrich (Struthio camelus) Canada 973 2.9 MAT 1:25 Dubey et al. (2000b)
Ciconiiformes (egrets)
Cattle egret (Bubulcus ibis) USA 40 2.5 THAT 1:64 Burridge et al. (1979)
Anseriformes (ducks)
Wood duck (Aix sponsa) USA 16 6 IHAT 1:64 Burridge et al. (1979)
Falconiformes (vultures)
Vulture (Pseudogyps africanus) Nigeria 240 64.8 MAT 1:25 Arene (1999)
Turkey vulture (Cathartes aura) USA 2 50 THAT 1:64 Franti et al. (1975)
Galliformes (turkeys)
Turkey (Meleagris gallopavo) USA 130 10 MAT 1:25 Quist et al. (1995)
USA 16 71 MAT 1:25 Lindsay et al. (1994)
Gruiformes (coots)
American coot (Fulica americana) USA 38 3 THAT 1:64 Franti et al. (1976)
Charadriiformes (gulls)
Ring-billed gull (Larus delawarensis) USA 13 15.3 IHAT 1:64 Burridge et al. (1979)
Laughing gull (Larus atriciall) USA 33 6 IHAT 1:64 Burridge et al. (1979)
Columbiformes (doves)
Rock dove (Columba livia) Belgium 220 3.18 MAT 1:64 Cotteleer and Famerée (1978)
Germany 49 2 DT 1:16 Niederehe (1964)
Italy 108 3 DT 1:50 Mandelli and Persiani (1966)
South Africa 16 100 IHAT 1:64 Mushi et al. (2001)
USA 20 10 DT 1:16 Feldman and Sabin (1949)
USA 15 6 DT 1:16 Gibson and Eyles (1957)
USA 80 8.7 DT 1:16 Jacobs et al. (1952)
USA 34 5.9 MAT 1:40 Kirkpatrick et al. (1990)

USA 322 8.6 IHAT 1:16 Pendergraph (1972)
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Spotted dove (Streptopelia chinensis)
Ruddy-ground dove (Columbina talpacoti)

Strigiformes (owls)
Common barn-owl (Tyto alba)

Passeriformes (various passerines)
Plain wren (Thryothorus modestus)
Mockingbird (Mimus polyglottos)
Robin (Turdus migratorius)

Clay-colored robin (Turdus grayi)
Crimson-backed tanager

(Ramphocelus dimidiatus)
Blue-gray tanager (Thraupis episcopus)
Palm tanager (Thraupis palmarum)
Common grackle (Quiscalus quiscalus)
Great-tailed grackle (Cassidix mexicanus)
Red-winged blackbird (Agelaius phoneiceus)
Brewer’s blackbird (Euphagus cyanocephalus)
House sparrow (Passer domesticus)
Tree sparrow (Passer montanus)
Starling (Sturnus vulgaris)
American crow (Corvus brachyrhynchos)

USA
Panama

Gerrnany
USA
USA
USA

Panama
USA
USA
USA
Panama
Panama

Panama
Panama

USA

Panama

USA

USA

Czech Republic
Czech Republic
USA

USA

134
79

14
38
80
28

133
23
20
12

15
3
27
33
31
4
227
41
563
74

8.2
12.6

7.6
27.3
22.5
10.7

100
0.75
8.6

16.6
12.5

33

25

12.3
4.9
4.8

14

DT
MAT

MAT
MAT
MAT

MAT
IHAT
THAT
THAT
MAT
MAT

MAT
MAT
IHAT
MAT
ITHAT
THAT
IFAT

IFAT

IHAT
IHAT

1:16
1:5

1:16
1:40
1:40
1:40

1:5
1:64
1:64
1:64
1:5
1:5

1:5

1:5

1:64
1:5

1:64
1:64
1:10
1:10
1:64
1:64

Wallace (1973)
Frenkel et al. (1995)

Niederehe (1964)

Kirkpatrick et al. (1990)
Kirkpatrick et al. (1990)
Kirkpatrick et al. (1990)

Frenkel et al. (1995)
Burridge et al. (1979)
Franti et al. (1975)
Franti et al. (1976)
Frenkel et al. (1995)
Frenkel et al. (1995)

Frenkel et al. (1995)

Frenkel et al. (1995)
Burridge et al. (1979)
Frenkel et al. (1995)

Franti et al. (1975)

Franti et al. (1975)

Literak et al. (1997)

Literak et al. (1997)

Haslett and Schneider (1978)
Franti et al. (1976)

DT: dye test, IFAT: indirect fluorescent antibody test, IHAT: indirect hemagglutination test, LAT: latex agglutination test, MAT: modified agglutination test.
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to haveT. gondii antibodies. Reports of serologic prevalences in birds from the former
USSR were tabulated by Jygiste and Gusev (1962), Pak (1976), and Beyer and Shevkunova
(1986).

4. Clinical toxoplasmosisin naturally infected birds
4.1. Columbiformes (pigeons, doves)

There are several reports of clinical toxoplasmosis in the rock dove (common pigeon,
Columba livig (Carini, 1911; de Mello, 1915; Pires and Santos, 1934, Siim et al., 1963;
Alosi and lannuzzi, 1966), sometimes in epizootic form (Reis and Nébrega, 1936; Springer,
1942; Johnson, 1943; Cassamagnaghi et al., 1952, 1977; Vogelsang and Gallo, 1954;
Rodiiguez, 1954; Wiktor, 1950; Paasch, 1983). Affected pigeons were anorexic, dull, ema-
ciated, and had conjuctivitis with demonstrable organisms in ocular exudate and convulsions
towards the time of death (Carini, 1911; Reis and Nébrega, 1936). In pigeons that died,
T. gondiiwas found in many tissues, especially in the lungs and spleen. In an outbreak
reported by Johnson (1943) in US Army carrier pigeons in Panama, the birds became sud-
denly ill, had high fever, were weak, and several of them died. Birds that recovered had
difficulty maintaining their balance. Mild encephalitis and neuritis were found in pigeons
that recovered; Johnson (1943) isolated the parasite and maintained it in guinea pigs. It is
uncertain whether there were other complicating factors for these epizootics. During recent
years, such epizootics have not been reported.

Some species or breeds of pigeons appear to be more susceptible to clinical toxoplasmosis
than others. For example, severe toxoplasmosis has occurred in crown pigeons, ornamental
pigeons, and pigeons from Australia and New Zealand. Toxoplasmosis was diagnosed at
necropsy in crown pigeons of the gerisura two from Belgium (Kageruka and Willaert,

1971, Tackaert-Henry and Kageruka, 1977), tieeeristafrom the Netherlands (Poelma

and Zwart, 1972), on&. victoria from the US (Ratcliffe and Worth, 1951), tw®. vic-

toria from the Netherlands (Poelma and Zwart, 1972), fGuwictoria from the Belgium
(Tackaert-Henry and Kageruka, 1977), and f@irscheepmakefrom the Netherlands
(Poelma and Zwart, 1972); the diagnosis was confirmed by isolatidngindiifrom af-

fected pigeons. Other reports of toxoplasmosis in ornamental pigeons were in one Pied Impe-
rial pigeon from the Netherlands (Poelma and Zwart, 1972), in three Torres Strait pigeons
(Ducula spilorrhog, and one Wonga pigeoriéucosarcia melanoleugdrom Australia
(Hartley and Dubey, 1991); the diagnosis was confirmed by immunohistochemical staining
with anti-T. gondiispecific antibodies in pigeons from Australia (Hartley and Dubey, 1991).
There is a report of toxoplasmosis in a bleeding heart d@adlicolumba luzonicafrom

the Netherlands (Poelma and Zwart, 1972).

Hubbard et al. (1986) reported an outbreak of toxoplasmaosis in birds in a rain forest ex-
hibit. Within 3 weeks, 13 of 20 birds died including seven Nicobar pigeGasienas nico-
barica), two luzon bleeding-heart pigeonséllicoluba luzonicdand one orange-breasted
green pigeonTreron bicintg. T. gondiiwas identified by immunohistochemical staining
in 8 of the 13 dead birds. Included in the 13 dead birds were 2 crested wood partridges
(Rolulus roul rou), and 1 yellow-headed rockfowP{cathartes gymnocephaudecause
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eight birds with positive diagnosis were not identified in the paper by species, it is uncertain
how many birds of each species had toxoplasmosis.

4.2. Passeriformes

4.2.1. Canaries, finches

Severe toxoplasmosis with an unusual clinical picture (blindness) has been reported in
canaries $erinus canariusfrom Uruguay, Australia, Italy, New Zealand, UK, and the US.
Because of the unusual nature of the disease this subject is discussed in detail.

Cassamagnaghi et al. (1952, 1977) isoldtegbndiifrom canaries that died in Uruguay.

A total of 15 out of 18 birds from a breeder house died within 15 days. Affected birds had
splenomegaly, necrotic lesions in the lungs and spleen, enteritis, and hepatic degeneration.

Parenti et al. (1986) and Cerruti Sola et al. (1985) (both reports refer to the same material)
reported toxoplasmosis in an Italian aviary housing small passerine birds. Out of a total of
230 birds, approximately 115 canari&s €anarig, and 46 greenfinche€érduelis chlori
had been born in captivity and the remaining birds, 27 goldfindBesgrdueli$, 20 sirkins
(C. spinu$, 11 bullfinchesPyrrhula pyrrhulg), and 9 LinnetsC. cannabinawere captured
in the wild. Within 2 weeks of the start of the outbreak, 90% of the birds born in captivity
died; overall 26% of the bird population died. Clinical signs included weight loss, diarrhea,
and dyspnea. A total of 22 out of 25 birds had antibodie3.tgondii (>1:64) in the
latex agglutination test (LAT). Four months after the onset of the outbreak some birds
had conjunctivitis, blepharitis and unilateral atrophy of the dyegondiiwas isolated in
mice inoculated with eye suspensions of animals with ocular atrophy. Histopathologically,
the most severe lesions were in the lunfsgondiiwas identified in sections of several
tissues. Unfortunately the number and species of birds examined histopathologically and
the number of birds whose tissues were bioassayed in mice were not given.

Vickers et al. (1992) reported blindness associated Wiglondiiin canaries from aviaries
in New Zealand and Australia (Sydney and Tasmania). The birds had crusty exudates around
the eye lids, and some eyeballs had collapsed. The birds appeared otherwise alert and were
eating. Half of the affected birds had evidence of encephalitis (head twitch, walking in
circles). A total of 12 canaries were examined at necropsy. Of the 24 eyes examined his-
tologically, 18 had lesions including acute, severe, diffuse nonsuppurative inflammation of
choroid with or without retinal involvement (Figs. 2 and 3). There was osseous replacement
of the globe and atrophy of the periocular tissue resulting in a sunken appearance of the eye.
NumerousT. gondiitachyzoites were seen in the choroid, retina, vitreous, and even in the
lens (Fig. 3). One bird had cataracts. Diagnosis was confirmed by immunohistochemical
demonstration of. gondiiin ocular lesions and by isolation ®f gondiifrom affected eyes
by bioassay in mice. In addition to direct involvemenfo§ondiiin inner layers of the eye,
there was nonsuppurative inflammation of the optic nerve with loss of myelinated axons,
and there was histologic evidence of encephalitis. This is the most convincing evidence of
T. gonditassociated chororetinitis in any host.

Similar episodes of blindness and encephalitis were reported from another region of
Australia. Several birds in a flock of 40 canaries in Victoria, Australia, developed blindness
and neurologic signs (Lindsay et al., 1995). Of the eight birds that died or were euthanized,
two were studied histologically. Both birds had bilateral ophthalmitis, Towgondii was
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Fig. 2. Section of an eye of a canary naturally-infected Witgondii This section is through the optic nerve and
the lens. The choroid and retina are degenerating and fragments (arrows) are floating in the vitreous (H and E).

not found in their eyes. Only tissue cysts were seen in the canary brain and they were not
associated with inflammation, indicating the birds were developing immuniydondii
Treatment with trimethoprim (80 mg/ml) and sulfadiazine (400 mg/ml) in drinking water
for 14 days was apparently successful as no new cases were seen.

Gibbens et al. (1997) reported of an outbreak in a group of 47 breeding canaries in an
aviary from the UK. The most prominent feature of this outbreak was blindness in the
absence of other clinical signs. The eyes became dull, sightless, closed up and sunken in the
head (Gibbens et al., 1997). Of the 44 birds observed, 16 had eye lesions, 5 of them were
blind, but only 1 bird died. Nine clinically affected canaries were examined at necropsy,
all of them had eye lesions and three of them had pneumonia. Two birds were studied
histologically, both had nonsuppurative encephalitis associatedwghndiitissue cysts
but no lesions in the eye. AntibodiesTogondii(titers 1:64, 1:256) were found in sera of
two of the four birds examined by the LAT.

Williams et al. (2001) reported blindness in 9 of 15 common yellow canaries in an indoor
aviary in Michigan, USA. Blindness was noticed intermittently over a period of 3 months,
two birds had torticollis. It was remarkable that the affected canaries could eat, court and lay
eggs. One sick canary (bird A) with torticollis was able to perch, but stumbled when moved
to a flat surface; this bird was euthanized. Necropsy examination was performed on two
birds, including bird A and a dead bird (bird B). Bird B was autolyzed, but had histologic
evidence ofT. gonditassociated encephalitis. Lesions were confined to the brain and the
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Fig. 3. Sections through eyes of canaries naturally-infected viglondii (A) retina with tachyzoites (arrows) in
retinal layers and desquamation of tachyzoites and retinal cells in the vitreous (arrowheads); (B) lens with focal
inflammation and tachyzoites (arrow); the choroid is at the bottom of the picture; (C) higher magnification of
lesion in the lens to show tachyzoites (arrows) (H and E).

eyes of bird A.T. gondiiwas found in the encephalitic lesions. The eye lesions consisted
of anterior and posterior uveitis and swelling of the lenticular fibers in the lens. There was
severe choroiditis, focal necrosis and detachment of the retina; tachyzoites were seen in the
nerve fiber layer of the retind. gondiitissue cysts were identified by electron microscopy
and indirect fluorescent antibody test in the brain of the canaries.

In conclusion, toxoplasmosis should be considered in the differential diagnosis of blind-
ness in canaries and serologic tests other than LAT, and indirect hemagglutination test
(IHAT) should be used to evaluate antibodiesTiogondii in clinically affected birds
(Vickers et al., 1992; Gibbens et al., 1997).

4.2.2. Mynahs
Dhillon et al. (1982) reported toxoplasmosis-like illness in 23 mynawidotheres
spp.) imported from Mexico. Lesions and parasites were seen in the liver, lungs, and spleen.
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Macrophages in the liver contained 1 sized protozoans. In my view, this outbreak was
misdiagnosed as toxoplasmosis. Rather, the parasite and the lesions are identical to those of
AtoxoplasmdPartington et al., 1989). The parasites illustrated are half the sikegohdii
(see Section 6).

Also, toxoplasmosis was histologically diagnosed in a gold crested myamahi€liceps
coronatu$ in captivity in the Netherlands.

4.2.3. Sparrows
Although sparrows in nature can harbor liVegondii(Table 1), there is no confirmed
report of clinical toxoplasmosis in naturally-infected sparrows.

4.2.4. Crows

Fatal toxoplasmosis has been reported once in crows (Work et al., 2000). The Hawai-
ian crow Corvus hawaiiensjsis an endangered species witt25 birds left in captivity
or in the wild (Work et al., 2000). Toxoplasmosis was diagnosed in five 321-791-day-old
birds that were captured or found dead in the wild; all were wearing radiocollars. Two
birds were found dead and partially scavanged. The main lesion in birds nos. 1 and 2
was encephalitis associated with tissue cysts (Fig. 4B). Bird no. 3 was completely eaten
by maggots except its head; the carcass was foul smelling and not studied histologically;
T. gondiiwas isolated from brain of bird no. 3 by bioassay. Bird no. 4 had generalized
acute toxoplasmosis involving the spleen, liver, brain, adrenal gland, and skeletal mus-
cle. Numerous tachyzoites were present in liver and spleeagdndiiwas isolated by
bioassay from the brain of this crow. Bird no. 5 had serologic evidende gdndiiinfec-
tion with antibody titer of 1:1600 in the modified agglutination test (MAT). The bird was
found to be depressed and losing weight. After administration of an anticoccidial diclazuril
(10 mg/kg) for 18 days its physical condition improved and the bird was released in the
wild.

4.2.5. Other passerines

Toxoplasmosis was immunohistologically diagnosed in a satin boweRiitdihorhyn-
cus violaceuy in one regent bowerbirdSericulus chrysocephalpand in a red-whiskered
bulbul (Pycnonotus jocosiign Australia (Hartley and Dubey, 1991); the diagnosis was con-
firmed immunohistochemically. Vogelsang and Gallo (1954) folingbndiiin the spleen
and livers ofHoloquiscalus lugubris

4.3. Psittaciformes

4.3.1. Budgerigars

Toxoplasmosis was suspected in two budgerigdieddpsittacus undulatgsn Switzer-
land (Galli-Valerio, 1939). Other than enlargement of the spleen, no other lesions were
seen. The birds were suspected to have psittacosis and, therefore, liver homogenate was
inoculated into miceT. gondiitachyzoites were seen in impression smears of tissues of
mice that died following inoculation with avian tissues. Thus, evidence for toxoplasmosis
was based on bioassay.
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Fig. 4. Toxoplasmosis in Hawaiian cron@drvus hawaiiens)s (A) cerebrum with tachyzoites (arrows) in an area
of necrosis (H and E); (B) cerebrum with a small tissue cyst with thin cyst wall and bradyzoites with terminal
nuclei (H and E); (C) impression smear of spleen with numerous tachyzoites (arrows). (Giemsa).
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4.3.2. Parrots

Toxoplasmosis was diagnosed in one Regent paRalt/{elis anthopeplysand in one
superb parrotf. swanson)ithat had died in a zoo in Australia; the diagnosis was confirmed
immunohistologically (Hartley and Dubey, 1991).

4.3.3. Lories
There is one report of toxoplasmosis in a red Idep$ borneafrom the US (Howerth

et al., 1991). The lory had been hatched in an outdoor aviary, reared by the parents for
2 weeks, and then reared by hand for 1 week. It died at 3 weeks of age, probably due to
respiratory distress. Grossly, the lungs were consolidated and sank in formalin. Microscopic
lesions were necrotizing myocarditis, hepatitis and intestinal pneumonia. Tachyzoites were
seen in lesions and the diagnosis was confirmed by immunohistochemical staining with
anti-T. gondiiantibodies and by electron microscopy of tissue cysts.

4.3.4. Other psittacines

Toxoplasmosis was diagnosed in a Swainson’s lorik€gtlfologlossus moluccanyus
from the Netherlands (Poelma and Zwart, 1972) and in one crimson roB&iydercus
elegan} from Australia (Hartley and Dubey, 1991).

4.4. Strigiformes (owls)

Clinical toxoplasmosis was reported in a barred dttik varia) from Canada that died
16 days following a collision with a car (Mikaelian et al., 1997). Numerous 1 mm diameter
pale areas were scattered throughout the liver. Histologically, the liver lesions consisted of
multifocal necrotic areas surrounded by inflammatory cells (Fig. 5). Numerous tachyzoites
were seen in lesions and the diagnosis was confirmed immunohistochemically (Fig. 5). Few
tachyzoites were seen in the duodenum; the brain was not examined. Whether stress led to
relapse of latent infections or the owl ingestedjonditinfected food while hospitalized
could not be determined.

4.5. Galliformes (turkeys, partridges, capercaillies, francolin)

4.5.1. Turkeys

Clinical toxoplasmosisis considered rare in wild turkeyigleagris gallapavi Only two
cases have been reported in wild turkeys, both from Georgia, USA (Howerth and Rodenroth,
1985; Quist et al., 1995). Both turkeys were found dead in the field and both had multiple
small necrotic foci in the spleen and liver. Protozoans resemBliggndiiwere found in
sections of spleen, lung, adrenal, brain, kidney, liver, proventriculus, esophagus and colon of
the first turkey, this turkey probably died because of toxoplasmic pneumonia (Howerth and
Rodenroth, 1985). In the second turk@&ygonditlike organisms were found in sections of
spleen, liver, and kidneys, and the diagnosis was confirmed immunohistochemically (Quist
etal., 1995).

There is one report of toxoplasmosis in domestic turkeys in a flock in Germany (Schulte,
1954). A total of 4 out of 10 birds died. They were emaciated and had encephalitis.
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Fig. 5. Multiple foci (arrow and arrowheads) of necrosis in periportal area of the liver of a naturally-infected
owl (Strix varig) from Canada. Numerouk gondiitachyzoites (all black areas) are present in areas of necrosis.
Immunohistochemical stain with arifi-gondiiantibodies.

4.5.2. Partridges

Thereis only one report of clinical toxoplasmosis in partriddesdix perdiy by Pokorny
(1955). Partridges caught in the wild in the Czech Republic died in captivity soon after they
were trappedT. gondiiwere found in smears of liver and spleen of three of 24 partridges
that died.

4.5.3. Capercaillies

Atoxoplasmosis-like illness has been recognized for many years as the cause of mortality
in capercaillie Tetrao urogallu}, a game galliform bird in Europe (Hilphers et al., 1947;
Gustafsson et al., 1997). Parasites and lesions are confined to the CNS. Recent studies
indicate that the parasite is a speciesSafcocystisand notT. gondii (Gustafsson et al.,
1997; Dubey et al., 1998) (see Section 6). This parasite has not yet been cultivated in vitro.

4.5.4. Francolin

Work et al. (2002) reported toxoplasmosis in a free-ranging Erckel's francolin
(Francolinus erckel) found dead on Kauai island, Hawaii, USA. Gross lesions included
focal discoloration of the liver and the heart, and edematous lungs. Microscopically, there
was severe myocardial necrosis, hepatic necrosis, nonsuppurative encephalitis, and splenic
necrosis. Numerous tachyzoites were found in lesions and the diagnosis was confirmed
immunohistologically.
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4.6. Anseriformes (geese, ducks)

Toxoplasmosis was diagnosed in two magpie geAssdranas semipalmgtaaised in
captivity in a zoo (Dubey et al., 2001a). Both geese died suddenly without apparent clinical
signs. Lesions andl. gondiiwere found in many organs including the bursa of Fabricius.
Toxoplasmic pneumonia and hepatitis were considered to be the main cause of death.
Numerous tissue cysts were seen in the liver of both geese. The diagnosis was confirmed
by immunohistochemical staining. Antibodies (MAT titers 1:25 and 1:100) were found in
two of 11 sera from other geese tested (Dubey et al., 2001a).

Work etal. (2002) reported acute toxoplasmosis in two (one male, one female) endangered
Hawaiian goose nene goslindgégsochen sandicenyit a zoo in Maui, Hawaii, USA. Both
birds died suddenly and had edematous and consolidated lungs. Histologically, the female
gosling had severe interstitial mononuclear cell pneumonia, necrosis in liver, brain, heart
and muscles. There was also full thickness necrosis of intestinal wall extending through lam-
ina propria and the muscular layers. Tachyzoites were found in lesions and the diagnosis
was confirmed immunohistochemically. The intestinal and hepatic lesions were sugges-
tive of recently acquired toxoplasmosis, probably by ingesting food contaminated with
oocysts.

There is no report of clinical toxoplasmosis in wild ducks and there is only one report of
clinical toxoplasmosis in domestic ducks (Boehringer et al., 1962) from Argentina.

4.7. Struthioniformes, Rheiformes, Casuariformes

Although there is no proven clinical case of toxoplasmosis in ostriches, Orosz et al.
(1992) reported MAT titers (1:4096) in rhellffea americangeand in cassawaryJdasuarius
casuariu$ suspected to have clinical toxoplasmosis.

4.8. Sphenisciformes (penguins)

There are a few cases of toxoplasmosis that were diagnosed histologically in penguins.
In the USA, Ratcliffe and Worth (1951) diagnosed toxoplasmosis in four captive Humboldt
penguins $pheniscus humboliititwo magellanic penguinsS( magellanicds and one
black-footed penguirS. demersyghat had died in a zoo. In Australia, Mason et al. (1991)
reported severe toxoplasmosis in a Little peng&uadyptula minoy and the diagnosis was
confirmed immunohistochemically. Toxoplasmosis was diagnosed in an Indian Pangolin
(Manis crassi caudafofrom the Netherlands (Kageruka and Willaert, 1971).

4.9. Pelecaniformes (Salidae)

Work et al. (2002) found toxoplasmosis in a red-footed bodhylq suld adult found
weak on the Oahu island, Hawaii, USA. The bird was admitted for rehabilitation at a local
zoological park and died 40 days later. The main gross lesions included heavy wet lungs that
sank in formalin, friable spleen, and engorged cerebral vasculature. Histologic examination
revealed marked diffuse necrosis and mononuclear cell infiltration in the lungs associated
with tachyzoites, suppurative periportal cell infiltration of the liver, severe mononuclear
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inflammation associated with tachyzoites in the heart, focal neuronal necrosis of the cere-
brum associated with tissue cysts, and focal necrosis and non-suppurative inflammation
in the adrenal gland. Tachyzoites were found in lesions and the diagnosis was confirmed
immunohistochemically.

5. Experimental infections
5.1. Gallformes (comparative susceptibility of gallinaceous birds to T. gondii)

Turkeys Meleagris gallopavh bobwhites Colinus virginianu, Japanese quail€6-
turnix japonicg, pheasantdRhasianus colchicysrock partridgesAlectoris graecg par-
tridges Perdix perdiy, and helmeted guineafowllumida meleagrisvere fed graded doses
of T. gondiioocysts (Table 3). Birds were bled before and after feeding oocysts, sera were
examined forT. gondiiantibodies by the LAT, MAT, DT, and ELISA in case of turkeys
(Dubey et al., 1993a,b, 1994a,b, 1995) and by the indirect fluorescent antibody test (IFAT)
in turkeys, rock partridges, and helmeted guineafowl (Sedlak et al., 2000).

Antibodies toT. gondiiwere not detectable by the DT in any of these species of birds
tested, and the IHAT and LAT were found inferior to MAT. Using the MAT, gondii
antibodies were detected sooner and in higher titers than with the IHAT and LAT. Antibodies
were successfully detected in chicken and turkey sera using the ELISA,; this test was not
tried in the other avian species. The IFAT was also found useful to detgendiiantibodies
in gallinaceous birds.

Of the avian species listed in Table 3, the rock partridge(aecq was the most suscep-
tible to oral infection with oocysts. Rock partridges fedTL@ondiioocysts died, whereas
pheasants fed 2®ocysts of the same isolate survived. Birds that died acutely, succumbed
from enteritis. Grossly, the intestines were hyperemic and had fibrino-necrotic enteritis,
sometimes with desquamation of the entire mucosa. Microscopically, the enteric lesions re-
sulted from the multiplication of. gondiitachyzoites in the lamina propria. The parasites
multiplied in virtually all cells of the lamina propria including endothelial cells (Fig. 6).
Subsequently, there was oozing out of the contents of the lamina propria into the intestinal
lumen. Desquamation of surface epithelium led to ulceration; sometimes ulcers extended
to the serosal layer (Fig. 7). Birds that recovered from enteritis usually became clinically
normal. Encephalitis was found in few birds that survived 15 days postinoculation (p.i.)
(Dubey et al., 1994a,b). Swarmshfgondiitachyzoites invaded neuropil (Fig. 8A). Tissue
cysts (Fig. 8B) were seen in birds that survived 3 weeks p.i. Lesions were not seen in the
eyes of any of the birds fed oocysts.

The two species of chuckar&.(graecaandAlces chuckanswvere remarkably different in
their suceptibility tol. gondii As mentioned earlieA. graecawas one of the most suscep-
tible avian species t@. gondii two of six birds fed 10 oocysts died of acute toxoplasmosis
(Table 3). Although results are not exactly comparable because different strairgoodii
were usedA. chuckarfed as many as P®ocysts remained healthy (Table 3). The partridges
(P. perdi®y on the other hand were quite susceptibletgondiiinfection (Table 3). The
pheasantsR colchicu$ and the guineafowlN. meleagri}were less susceptible to clinical
toxoplasmosis than chuckars or partridges (Table 3).
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Table 3
Experimental toxoplasmosis in gallinaceous birds (except chicken3pfezblasma gondibocysts
Species No. of T.gondii No.died/ Clinical disease Day of Reference
oocysts fed strain no. fed death
Japanese quail 10° GT-1 6/6 Acute 6-8 Dubey et al.
(Cotumix japonic 10° GT-1 5/6 Acute 8-23  (1994a)
10° Me-49 1/6 Mild disease 9
103 Me-49 1/6 Mild disease 16
Bobwhites 10° GT-1 2/6 Acute, chronic 6,7 Dubey et al.
(Colinus virginianu¥ 10t GT-1 1/6 Acute, chronic 8 (1993b)
10° Me-49 1/6 Acute, chronic 18
10t Me-49 0/6 None
Pheasants 10* GT-1 1/5 Depressed 19 Dubey et al.
(Phasinus colchicys 10° Me-49 0/6 None (1994b)
10* Me-49 0/6 None
Turkeys 10° Me-49 38 12-14  Dubey etal.
(Meleagris gallopavp  10* Me-49 0/6 None (1993a)
10° K-7 0/5 None Sedik et al.
(2000)
Rock partridges 10 GT-1 6/6 Acute 4-6 Dubey et al.
(Alectdris graec 10* Me-49 5/6 Acute 7-11  (1995)
10° Me-49 4/6 Acute 10, 11
107 Me-49 4/6 Acute 10-14
10 Me-49 2/6 Acute 12,13
Chukars 10° K-7 0/5 None Sedik et al.
(Alectdris chukay 10° K-7 0/5 None (2000)
Partridges 10° K-7 6/8 Acute 6-10
(Perdix perdiy 10° K-7 2/5 Acute, chronic 16, 16
Helmeted guineafowl 10° K-7 0/5 None
(Numida meleagris 108 K-7 0/5 None

aDied of concurrent aspergillosis.

Results of experimental infections demonstrate that domestic turkeys are resistant to
clinical toxoplasmosis (Drobeck et al., 1953; Simitch et al., 1961). Even 1 or 2-week-old
turkeys inoculated intraperitoneally with millions of RH strains tachyzoites became infected
but did not develop clinical signs; all 22 turkeys so infected harb®rgdndiiin their tissues
(Drobeck et al., 1953). Similar results were obtained by feedlirgpndiioocysts (Dubey
et al., 1993a; Sedlak et al., 2000). Fourteen turkeys were f&driD®P oocysts (Table 3).
Three turkeys died or were euthanized 12 or 14 days p.i., but the deaths were considered
due to an infection withAsperigilluslike fungus (Dubey et al., 1993a). Viable gondii
was recovered from tissues of all turkeys by bioassay in mice and all turkeys developed
antibodies tdl. gondiidetectable by MAT, ELISA, LAT or IHAT but not by the DT (Dubey
etal., 1993a). The ELISA did not work well when diluting the turkey serum in 0.85% NaCl
solution, but worked well with 7.0% NacCl solution. In the study reported by Sedlak et al.
(2000) all five turkeys fed f0oocysts became infected, but did not develop clinical signs.
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Fig. 6. Lesions and tachyzoites in sections of small intestines of rock partridg&sdeddiioocysts (H and E):
(A) tachyzoites, edema and necrosis in the lamina propria (arrows), the surface epithelium is not parasitized, day
5 p.i.; (B) lamina propria with numerous tachyzoites (arrows) destroying host cells, day 7 p.i.

Simitch et al. (1959, 1961, 1963, 1965) attempted to orally infect ducks, pigeons, geese,
quails, and guinea-fowls with tachyzoites and tissue cysts gbndii

5.2. Columbiformes (pigeons, doves)

Carini and Maciel (1913) and Nicolau and Kopciowska (1935) infected pigeons with ho-
mogenates of tissues of dogs that had died of toxoplasmosis and concluded that the disease
in dogs was the same as in pigeons. Reis and Nobrega (1936) induced fatal toxoplasmo-
sis in pigeons by intramuscular inoculation of organ suspension of pigeons affected with
toxoplasmosis. All pigeons became ill and died within 10 days. Nobrega and Reis (1942)
maintainedT. gondiiby passage in pigeons for 20 passages and the strain was infective to
mice, guinea pigs, rabbits, and chickens.
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Fig. 7. Transmural necrosis, infiltration of mixed leukocytes, and almost total desquamation of surface epithelium
of the small intestine in a rock partridge fédgondiioocysts, day 5 p.i. (H and E).

During the 1940s and 1950s, pigeons were inoculated Withondii tachyzoites by
various parenteral routes to study parasitemia and the persisteficeggofdii Pigeons
inoculated with tachyzoites of the mouse virulent strains (such as the RH strain) devel-
oped parasitemia and about half of them died with acute toxoplasmosis involving many
organs (Pixell, 1913; Carini, 1911; Laveran and Marullaz, 1913; Nébrega and Reis, 1942;
Manwell and Drobeck, 1951; Drobeck et al., 1953; Frenkel, 1953; Jacobs et al., 1953;
Pak, 1971). There was a high level of parasitemia even in birds that survived (Jacobs
et al., 1953). Severe necrotic lesions were seen in many tissues of the pigeons that died
acutely, including their eyes and nasal passages (Frenkel, 1953). Pigeons developed high
levels of antibodies in the DT, but some became seronegative with no detectable anti-
bodies in the undiluted serum; these pigeons had detectable parasites in their tissues by
bioassays in pigeons (Drobeck et al., 1953; Jacobs et al., 1958pndii was recov-
ered from tissues of pigeons as long as 33 months after infection (Jacobs et al., 1953).
Not all strains of T. gondii were virulent to pigeons (Frenkel, 1953; Jacobs et al.,
1953).

Pigeons were reported to be highly susceptible to oral infection Witfondiioocysts
(Biancifiori et al., 1986). Four groups of five pigeons were fed 50, 500, 1000 or 5000
T. gondiioocysts. All pigeons died of acute toxoplasmosis, 13—-20 days after feeding 500 or
more oocysts. Pigeons fed 50 oocysts became infected, but did not become ill. Pigeons
fed oocysts developed antibodies To gondii detectable by ELISA (Biancifiori et al.,
1986).
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Fig. 8. Lesions and parasites in sections of the brains of bird$.fgdndiioocysts: (A) cerebrum of a Japanese

quail with suppurative meningoencephalitis. Note extensive necrosis, microabscess (arrows), and periarteritis
(arrowheads), day 16 p.i. (H and E); (B) cerebrum of a pheasant. Individual and grolipgooidiiwithout any

host reaction in the brain of a partridge fed oocysts. Immunohistochemical stain with gotidii antibodies.

The large group oT. gondii(arrow) is probably a tissue cyst, day 19 p.i.

Wallace (1973) fed an unknown number @f gondii oocysts to nine pigeons
(C. livia), 31 barred dovesGeopelia striaty, and 12 spotted dovesSiteptopelia chi-
nensi$. All 31 barred doves died between 6 and 11 days whereas other birds survi-
ved at 22 daysT. gondiiwas isolated from three of three pigeons, two of three doves,
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and one of one spotted dove. Thus, barred doves were the most susceplibfgotaii
oocysts.

5.3. Passerformes (canaries, sparrows, grackles, budgerigars)

Canaries inoculated parenterally with mammaliagondiidied within 12 days (Wolfson,
1941; Cassamagnaghi et al., 1952, 1977). Parasites were found in most visceral tissues,
especially in liver and spleen. Birds died between 7 and 13 days after inoculation with
T. gondij irrespective of the dose (Cassamagnaghi et al., 1952, 1977). Similar results were
reported by Lainson (1955) who inoculated three canaries intraperitoneally with an isolate
of T. gondiifrom a rabbit. One canary died on day 9, one on day 14 and the third was
euthanized on day 14. Tachyzoites were found in tissues of all three birds. In addition,
tissue cysts were seen in the brain of the canaries examined day 14 p.i.

Experimentally, sparrows are relatively resistarit.tgondij but results may vary depend-
ing on the strain, stage and numberTofgondiiinoculated (Wallace, 1973; Literédk et al.,
1999). Most sparrows inoculated parenterally with numerous tachyzoites of the mouse vir-
ulent strains (such as the RH strain) died of acute infection (Nicolau and Kopciowska, 1935;
Manwell et al., 1945; Manwell and Drobeck, 1951; Drobeck et al., 1953) and sparrows fed a
relatively high dose of T0oocysts also died of acute toxoplasmosis (Pak, 1974). Recently,
Literak et al. (1999) fed graded doses of 14d0cysts to sparrows; all birds remained clin-
ically normal. Sparrows fed one oocyst each developed low titers (IFAT 1:20 or less), but
the parasite was not recovered from their tissliesoplasma gondivas isolated from one
of six sparrows fed ten oocysts, three of six fed 100 oocysts, four of six fed 1000 oocysts,
and five of six fed 10,000 oocysts. The IFAT were generally >1:80 in sparrows that were
proven to be infected with. gondii

In one study, at least 8 of 31 song sparrotelpospiza melodipand four of seven purple
grackles Quiscalus quiscalginoculated intraperitoneally or intracerebrally with millions
of RH strain tachyzoites became infected wittgondii(Manwell and Drobeck, 1951).

Dubey and Hamir (2002) studied the susceptibility of budgerigitsundulatu$ to
graded doses df. gondiioocysts. Sixteen budgerigars were divided into four groups (A-D)
of four. Birds in groups A-C were fed 100,000, 1000 or 100 infective oocysts of the VEG
strain of T. gondii respectively. Budgerigars in group D were not fed oocysts and served as
controls. All four birds in group A died (or were killed) because of acute severe enteritis
5 or 6 days after feeding oocysts (DAFO). Three of the four birds in group B were killed
(or died) because of toxoplasmosis 9 or 14 DAFO. One budgerigar in group C and the four
budgerigars in group D remained healthy and were killed 35 or 39 DAFQondiiwas
demonstrated in tissues of all budgerigars fed oocysts. The control budgerigars remained
clinically normal and had no evidence ®f gondiiexposure. These results indicate that,
compared to other passerines, budgerigars are relatively resistant to clinical toxoplasmosis.

5.4. Strigiformes, Falconformes (owls, hawks, kestrels)
Experimental data indicate that owls and other predatory birds are resistamdndii

Seven owls (one great horned oBLibo virginianusthree barred owlsS. varig and three
screech owlsAsio otug and three red-tailed hawkB(teo jamaicens)ded T. gondiitissue
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cysts became infected, but did not develop clinical signs (Lindsay et al., 1991; Dubey et al.,
1992).T. gondiiwas isolated from all ten birds and all birds developed antibodiés to
gondii. The MAT titers of 1:80 or more were found in all birds. In another study, three
great horned owls and one American kestral€¢o sparverusfed T. gondiidid not develop
clinical signs (Miller et al., 1972).

6. Diagnosis

Serologic, histopathologic, immunohistochemical, and molecular examinations can aid
diagnosis and this subject has been discussed in detail elsewhere (Dubey and Beattie, 1988;
Dubeyetal., 1993a,b; Dubey and Odening, 2001). Among different serologic tests available,
the MAT is most useful because it is sensitive, specific, does not require special equipment,
and works well with all species of birds tested (see Sectioh §pndiiDNA can be detected
by usingT. gonditspecific primers with PCR. However, in most cases, the diagnosis will be
made by histologic examination of birds submitted for necropsy examination and in most
cases the tissues have already been fixed in buffered neutral 10% formalin. A preliminary
diagnosis can be made by examining Giemsa-stained impression smears of affected tissues
(Figs. 1, 4 and 10)T. gondiitachyzoites in smears are crescentic to globular, depending
on the stage of division (Figs. 1, 4 and 10). However, in histologic sections tachyzoites are
globular to oval and about half of the size of those in smears (Fig. 6).

Immunohistochemical staining wih gondiispecific antibodies can aid diagnosis (Fig. 9).
Polyclonal antibodies raised against whole parasites are often superior to monoclonal

Fig. 9. Adjacent sections of cerebrum of an experimentally-infected budgerigar 14 days after feeding oocysts: (A)
numerous tachyzoites are present, but are not visible (H and E); (B) immunohistochemical staining with anti-
gondiiantibodies; all black spots (arrowheads) are tachyzoites.
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Fig. 10. Atoxoplasmaand Toxoplasmacompared in tissues of birds: (A) histologic section of the lung of a
naturally-infected mynah. Small merozoites (arrows) are presentin an area of necrosis. The dark areas are capillaries
(arrowheads)Atoxoplasmabften stain fainter than host cells and are difficult to identify in sections stained with

H and E. (B) Impression smear of lung of the mynah in Fig. 10A. Note numerous tachyzoites (arrows) (Giemsa);
(C) impression smear of intestine of a budgerigar infected Witfondii(Giemsa). Compare the size Bfgondii
tachyzoites in this figure with merozoites in Fig. 10B.
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Fig. 11. Transmission electron micrographAtbxoplasmasp. merozoites in the liver of a naturally-infected
mynah. Note one uninucleate merozoite (large arrow) with a prominent nucleus (N), a few small rhoptries (R)
toward the conoidal (C) end. Most micronemes (M) are present anterior to the nucleus and micronemes are often
arranged in rows. Also note one merozoite (arrowheads) with two well defined undivided nuclei (N); such a stage
is absent ifl. gondiitachyzoites.
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antibodies for immunohistochechemical diagnosis of toxoplasmosis in tissue sections.
Preservation of tissues in 10% formalin does not affect the immunohistochemical reac-
tion. T. gondiitissue cysts are often globular, have a thin cyst wa0.6.m) and contain

small (about jum), slender bradyzoites (Fig. 4B). The bradyzoites are periodic acid Schiff
(PAS) positive and there are no intracystic septa (Dubey and Beattie, 1988).

Atoxoplasmaand Sarcocystisare two parasite genera that should be considered in the
differential diagnosis of avian toxoplasmosfgoxoplasmaspp. are considered common
parasites of passerine birds (Baker etal., 1972; Levine, 1982) and have afecal-oral cycle with
extraintestinal stages in visceral tissues of birds, especially the liver and spleen. Proliferative
stages (merozoites) stoxoplasmap. are smaller thah gondiitachyzoites, both in smears
and in histologic sections (Fig. 10).

Ultrastructurally,Atoxoplasmamerozoites divide by schizogony, have small vestigeal
rhoptries, and small numbers of micronemes (Fig. 11). There are no tissue cysi$o=znd
oplasmadoes not react witfT. gondii antibodies. There are no antibodies available for
immunohistochemical diagnosis of atoxoplasmosis because the parasite has not yet been
isolated in cell culture or in laboratory animals. In addition, other parasites relaf¢oxo-
plasmamay be found in birds (Baker et al., 1996)LAnkesterelldike coccidian was found
to cause respiratory distress in cardin&sidinalis cardinalig in California, USA (Baker

Fig. 12. Section of heart (A) and lung (B) from the capericaillie from Finland @étcocystisnfection (H and E).

(A) Note many merozoites (arrows) and inflammatory cells in a focus of myocardial necrosis. These merozoites
are difficult to distinguish fronT. gondiitachyzoites by light microscopy. (B) Note an elongated immature schizont
(arrow) with lobed nucleus (arrowheads).
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Fig. 13. Sections of brain of an ibi€arphibis spinicolli$ naturally-infected with eéSarcocystis neuronkike
organism (H and E). (A) Note focal necrosis with macrophage infiltration (arrow) and numerous schizonts (arrow-
heads). (B) Focal necrosis without inflammation and developing stages of schizonts: (a) small uninucleate schizont;
(b) schizont with a lobed nucleus, (c) schizont with merozoite formation, and (d) schizont with merozoites.
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et al., 1996; Speer et al., 1997). Asexual and sexual stages were found associated with
pulmonic lesions. Some schizonts were found intravascularly. Male and female gamonts,
and sporulated oocysts were present in lung parenchyma.

Sarcocystispp. §. falcatulaor S. falcatulalike) can cause generalized disease in birds,
especially in passerines and psittacines (Smith et al., 1989; Hillyer et al., 1991). Pneumonia
is the predominant lesion of acug& falcatulainfection and disease is associated with
intravascular development &f falcatulaschizonts (Smith et al., 1989).

Occasionally, certain unidentified speciesSafrcocystican cause neural and myocar-
dial sarcocystosis associated with developmer8artocystischizonts in affected tissues
(Gustafsson et al., 1997; Dubey et al., 2001c). Affected birds may die acutely or have a
chronic disease. Clinical signs include ataxia, fearlessness, twisting of neck and blindness.
In neural sarcocystosis, lesions and schizonts are often confined to the CNS. Neural sar-
cocystosis, simulating toxoplasmosis, has been reported in a goshAawikifer gentilis
atricapillus), turkeys, capercaillieT; urogallug (Fig. 12), an ibis Carphibis spinicolli$
(Fig. 13) and an eaglé\Quilla chrysaetos(Aguilar et al., 1991; Dubey et al., 1991; Teglas
et al., 1998; Dubey et al., 2000a, 2001c).

Although Sarcocystisnerozoites (Fig. 12) may resemble gondiitachyzoites, search
for developing stages (Fig. 3) is helpful in diagnosis.

Sarcocystischizonts divide by a specialized form of schizogony where the parasite be-
comes multilobed (Fig. 13B) and eventually four or more merozoites are produced, whereas
T. gondiidivides into two zotes. Ultrastructue examination also helps diagnosis. Unlike
T. gondiior AtoxoplasmaSarcocystispp. merozoites lack rhoptries (Dubey et al., 1989).
Immunohistochemical examination usi8grcocystispecific antibodies can aid diagnosis
(Dubey et al., 2001a,b).
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